The v 2 vibration-rotation band of cyanoacetylene. HCCCN, has been studied by diode laser spectroscopy in the wavenumber region from 2240 cm" 1 to 2290 cm" 1 . In addition to the fundamental band we have assigned hot bands arising from r 7 = 1. 2. and 3 states and from r 6 = 1 state. In these hot bands splittings due to /-type doubling and /-type resonance were clearly observed. The transition wavenumbers were measured precisely, with an estimated error of 0.001 cirr 1 . Their analysis simultaneously with the microwave data allowed an accurate determination of the band origin v 0 = 2273.99539 (11) 
I. Introduction
Several of the seven fundamental bands of the linear molecule HC 3 N have been measured with high spectral resolution. The C=C stretching band has been measured by us using a diode laser spectrometer [1, 2] , whereas the diode laser spectra of the C=N stretching band v 2 will be reported in the present work. The first high resolution study of this band was carried out by Mallinson and Fayt [3] . who assigned the fundamental and several "hot" bands arising from the r 7 = 1 and 2. r 6 = 1 and r 5 = 1 states. Since this band is of stronger absorption than the v 3 band, many additional hot bands could be observed. However the hot band from the /• 5= 1 state has not been identified in the present study. Instead we observed the hot band from the r 7 = 3 state. The microwave data [4. 5. 6] were fully utilized to assign the lines and to obtain precise molecular constants.
Since the high resolution rovibrational spectra of HC 3 N are of astrophysical interest and since their analysis will allow a precise determination of the equilibrium rotational constant, we intend to measure most of the fundamental bands by diode laser spectroscopy. These data will ultimately be used towards determining the equilibrium structure of HC,N.
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with it. The r 7 =3 "hot" band is observed in this work for the first time. Measurements for the isotopicallv substituted molecules, involving D. and Lv N, are also in progress [7] ,
In the following the vibrational states are presented by the notation (r 2 ; r 6 , r 7 )', where I is the quantum number of the vibrational angular momentum: thus the hot band v 2 + v 7 -v 7 will be expressed by (1:0. l)'-(0; 0. I) 1 .
II. Spectra and Analysis
The experimental procedures are identical to the techniques used in our previous diode laser work [1. 2, 8] . The wavenumbers were calibrated by means of the vibration-rotation bands of NNO and l3 C0 2 , whose precise line positions were reported by Guelachvili and coworkers [9. 10] . The fringes of a 7.5 cm Ge etalon were used as an interpolation scale and were recorded simultaneously with each spectrum to assure the needed precision. The free spectral range of the etalon (about 0.016 cm -1 ) was calibrated for every scan. The spectra were measured at room temperature with a 75 cm long glass cell, sealed with two BaF 2 windows. The sample pressure was less than 100 Pa. Therefore the spectral line widths were essentially determined by the Doppler broadening. Figure 1 shows a portion of the recorded spectrum.
Fundamental band:
(1; 0. 0)°-(0: 0. 0)° For the v 2 fundamental band, the rovibrational lines were assigned from P(86) to R(50). The J assignment was obtained by using the iteration method described in [1], Thus the very precise, ground vibrational state rotational constant aquainted by microwave spectroscopy [5] allowed us to find an unique J assignment. The lines were analyzed using a conventional expression
where G, B, and D are the effective parameters representing vibrational energy, rotational constants, and quartic centrifugal distortion constants, respectively. For the v 2 fundamental band, the vibrational angular momentum /' and /" vanish for both the lower and upper states of the transition. The effective constants, v 0 = G' -G", B', and D' were determined by using a least squares fit. The lower state constants, B" and D" were constrained to their microwave values [5] . The observed transitions are listed in Table 1 with the transition wavenumbers calculated on the basis of the constants thus determined.
Hot band:
The strongest hot band observed was identified as the 77 -77 transition of the lowest excited vibrational state, (0:0,1)'. The doubly degenerate 77 state, both (1:0, l) 1 and (0:0, l) 1 , are split into two components, e and f, by the /-type doubling interaction. For the P and R branch, which were observed in the present study, the transitions follow the selection rules of e-e and f-f. We have measured the line positions of this band from P(70) to R (72) for both /-type components.
For J larger than ~ 15 the regularly spaced transitions were observed as doublets for both the P and R branch. The observed transition wavenumbers were analyzed for each component separately using the effective expression of (1). Because of the /-type doubling interaction, the doubly degenerate energy level are shifted by the amount of
where the constant q t is the /-type doubling constant and q xj is its centrifugal correction. The + sign stands for f and -sign for e component. Thus the effective constants in (1) include the effect of this interaction in the form [6] , They were constrained to these values in the final fit. The observed transitions and calculated wavenumbers are listed in Table 2 .
3. Hot band:
The second excited state of the bending vibration in a linear molecule is triply degenerate. The anharmonic potential removes this degeneracy and splits the level into an / = 0 (27) state and two / = 2 (A) states. The doubly degenerate A state is further separated by /-type resonance into e and f components. The vibration-rotation energy of these three levels are given analytically as
and
where
Here G is the vibrational energy without the contribution from the vibrational angular momentum. This contribution is explicitly represented by the term .v/ 7 / 7 in the second equation of (5). The / dependence of the rotational constant is taken into account by the term yu. The transition wavenumbers were calculated applying (4) for both the (1:0. 2)°-2 and (0; 0, 2)°-2 states. From the present infrared data the parameters in the upper state.
(1:0. 2) 0 ' 2 , were determined by least-squares fittings whereas the lower state constants were fixed at the microwave values [4. 6] , The microwave data alone did not allow us to determine the sign of (.V/ 7 / 7 -B") [5] . However the present analysis of the infrared spectrum confirmed definitely that the sign of this value is positive. The observed transitions are listed in Table 3 together with the calculated wavenumbers.
(
The third excited states of a bending vibration of a linear molecule is composed of the / = 1 (77) and 1=3 (0) state. The degenerate 77 state splits into two components, e and f, and the <t > state also splits into an e and f state by /-type doubling and /-type resonance interactions. In the present study the 77-77 band was observed from P(55) to R(32), and the 0-0 band from P(70) to R(61). The line splittings due to the /-type doubling were observed in the 77 -77 band R-branch transitions at high J values. In the P branch the splitting was not resolved for the J values observed. For the 0-0 band, the splitting due to the /-type resonance was too small to be resolved.
Since the microwave data of the (0; 0, 3) 1,3 state [4, 6] show that this state is perturbed by another vibrational state, presumably by the 15= 1 state, we have analyzed this hot band by applying only the effective expression of (1). The effective parameters for both upper and lower states were determined from the present infrared data only. The observed transitions are listed in Table 4 The 77 -77 hot band arising from the first excited state of the second lowest bending vibration was observed from P(70) to R(79). The analysis was carried out in exactly the same manner as for the hot band (1; 0, 1) 1 -(0; 0, l) 1 . The splittings due to the /-type doubling were observed for high J transitions. The observed transitions are listed in Table 5 together with the calculated wavenumbers.
III. Results
The obtained constants for the fundamental Table 6 . For the 77-77 hot bands the constants were obtained from the From the band origins listed in Table 7 
isj k This equation is slightly different from that used in the previous work for the v 3 band (Equation (2) in [2] ): the contribution from the rotational energy, -B/ 2 , is not included in G° in the above equation.
We reserve the notation g u for the value which includes that. The values thus obtained are listed in Table 8 .
For the (1;0, 3) u -(0;0, 3) 13 band only effective parameters were obtained, which are summarized in Table 9 . The complete analysis, which includes higher order interactions, is in progress and will be published elsewhere. ', vY) r -(r 2 '; v' 6 ', v'-j') 1 ". The numbers in the parentheses corresponds to one standard deviation in the unit of the last digit quoted. The conversion factor of 1 cm -1 = 29 979.2458 MHz was used in the calculations. b Fixed at the values given in [5] . [3] , except that we could not identify the hot band arising from the 1-5 = 1 state. Since we have succeeded to assign the hot band from the r 7 = 3 state, for which the Boltzmann factor is almost equal to that for the r 5 a For footnote see Table 7 .
